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likely that the postexercise hyperemic response is blunted in clau-
dicants. If the exercise was intermittent, then can the authors
please state in their response the frequency and duration of each
contraction?
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Reply
We would like to thank Drs Green and Bülow for their inter-
est in our work on muscle bioenergetics in claudication.
They question our thesis that the exercise used in our exper-
iments is mild enough and produces conditions of unchallenged
blood flow. To address this issue they asked us to provide infor-
mation regarding the resting metabolic parameters in our two
groups. As displayed in the table below, the resting muscle meta-
bolic variables in the two groups were very similar.
They also asked whether the protocol exercise was continu-
ous or intermittent. The exercise utilized was a 90-second sus-
tained, isometric, plantar flexion. Drs Green and Bülow are
correct in pointing out that any sustained isometric exercise does
lead to a temporary decrease of blood flow in the involved mus-
cle secondary to increased intramuscular pressure during muscle
contraction. Blood flows in our two groups appeared to be simi-
larly affected during the protocol exercise as reflected in the
nearly identical activations of the three energy-generating path-
ways (see table below). This suggests that oxygen levels were suf-
Regarding “Phosphorus 31 nuclear magnetic
resonance spectroscopy suggests a mitochondrial
defect in claudicating skeletal muscle”
To the Editors:
Within the last decade the notion that a “metabolic myopa-
thy” is acquired in the skeletal muscle of claudicants has emerged1
and been consolidated.2,3 In a recent article published in the
Journal of Vascular Surgery,4 evidence was presented and used to
suggest the existence of a primary mitochondrial defect in the
skeletal muscle of claudicants. This evidence was the delayed
recovery of muscle PCr, PI, and ADP after supine calf exercise in
the presence of normal responses of these measurements and pH
during exercise. The novelty of this study was that the delayed
recovery of these responses occurred after apparently “mild” exer-
cise that created conditions of “unchallenged blood flow.” This is
an advance on previous 31P-NMR studies that have shown simi-
lar postexercise responses after more intense calf exercise but that,
as stated by the authors, had probably introduced the confound-
ing influence of differences in blood flow after exercise. The
authors argued that blood flow was not different between their
two groups on the basis of an unperturbed ABI measured soon
after a different type of exercise (ie, heel-raising) in just four sub-
jects, as well as the similar pH at the end of exercise that appears
to be not different to that usually measured at rest.5
However, no evidence was presented that demonstrated the
comparability of effort and hemodynamic responses to supine calf
exercise and heel-raising. Since the authors did not present any
evidence on the blood flow response after supine calf exercise, it
is possible that postexercise blood flows were different between
claudicants and controls, which would help explain the delayed
metabolic recovery. The use of postexercise (heel-raising) ABI to
represent blood flow is problematic given that blood flow to an
isolated, exercised limb can change severalfold without any
detectable change in ABI. Consequently, the conclusion that
there is a mitochondrial defect in claudicating muscle should be
tempered by the view that possible differences in postexercise
blood flow, rather than ABI, could also help explain the delayed
metabolic recovery.
While the apparent lack of exercise effect on muscle pH
reported by Pipinos et al4 is consistent with the imposition of
“mild” exercise on the subjects, it is difficult to interpret this
effect given the lack of information provided about the calf exer-
cise protocol used, as well as the resting muscle metabolic vari-
ables. Can the authors please state the resting metabolic
measurements for controls and claudicants? The authors in-
formed us that the exercise was isometric (p. 949), lasted 90 sec-
onds, and was performed at approximately 60% MVC. To
reproduce this study and test the effects of this exercise on blood
flow and muscle metabolism, can the authors please tell us
whether the muscle action was continuous (ie, sustained) or inter-
mittent? If it was continuous, then the statement that the exercise
does not “. . . produce exercise-induced muscle ischemia” is
incorrect, because even at much lower, “mild” intensities of iso-
metric exercise, blood flow is reduced substantially compared
with the postexercise response.6 Under such conditions it is very
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